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Abstract. The retina of rabbits was coagulated with differ- 
ent wave-lengths (570-630 nm) using a tunable dye laser 
with Rhodamin 6G. To achieve comparable ophthalmos- 
copic appearance the intensity of the laser beam was varied 
with neutral filters of varying absorption. Histologic exami- 
nation of fresh coagulation effects and 3-week-old coagu- 
lation scars showed no difference in relation to the wave- 
length used. Theoretically, 577 nm seems to be a particular- 
ly useful wavelength for the treatment of a wide variety 
of retinal lesions because it is not absorbed in xanthophyll 
and penetrates opacities of the optic media better than ar- 
gon blue green. Furthermore, it is absorbed maximally in 
hemoglobin, making it particularly suitable for the coagu- 
lation of blood vessels. 
Introduction 
The dye laser with the capacity of emitting different wave- 
lengths was first introduced into ophthalmology in 1984 
[3]. On the basis of the discussions that evolved from a 
number of publications [1, 2, 5-7, 9, 10] over the advantages 
and disadvantages of the argon and krypton laser, it ap- 
peared desirable to have a laser that emits the wavelengths 
of the spectrum continuously. Such lasers are available. 
Usually an argon laser tube pumps two or three dye mod- 
ules. This means a high price for a large complex instru- 
ment. Using an argon laser-pumped dye laser with Rhoda- 
rain 6G we examined whether different wavelengths really 
have advantages in clinical retinal coagulations and which 
wavelength would lend itself best for clinical use. The wave- 
lengths 57~630 nm were at our disposal in a continuous 
range. They were used for the coagulations of rabbit retinas. 
Material and methods 
In six anesthesized Chinchilla rabbits, of the same breed 
and with an evenly pigmented fundus, laser coagulation 
effects were placed underneath the myelinated nerve fibers. 
The spot size was 500 ~m. The wavelengths 620, 604, 592, 
and 577 nm were used. The goal of the coagulations was 
to produce lesions ophthalmoscopically as identical as pos- 
sible. To accomplish this, neutral filters of varying absorp- 
tion were used to modify the intensity of the effects. This 
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was particularly important when coagulating blood vessels 
because the range from no effect to rupture of the vessel 
was narrow. 
In one rabbit the eyes were removed 48 h after laser 
treatment. They were opened with an Elliot's trephine, fixed 
in cold 4% glutaraldehyde solution, and embedded in par- 
affin for light microscopic examination. The sections were 
stained with hematoxylin and eosin. The eyes of the other 
animals were removed 3 weeks after laser coagulation and 
prepared accordingly. 
Results 
With all used wavelengths, ophthalmoscopically identical 
effects of varying intensity could be produced on the fundus 
of the rabbit (Fig. 1). 
The histologic examination of the eyes removed 48 h 
after laser coagulation revealed edema and partial destruc- 
tion of the sensory retina. The changes reached up into 
the nerve fiber layer. The retinal pigment epithelium (RPE) 
was partially necrotic (Fig. 2). In no instance was there 
disruption of Bruch's membrane or choroidal hemorrhage. 
In those eyes removed 3 weeks after laser coagulation 
scar formation was completed. There were no signs of exu- 
dation or inflammatory cells. There was marked prolifera- 
tion of the RPE into the sensory retina. The architecture 
of the retina had disappeared in favor of glial scar (Fig. 
3). The histologic slides received code numbers and were 
distributed to two independent examiners who did not 
know which wavelengths were used. They could not observe 
any differences between the retinal scars in relation to the 
applied wavelength. 
Discussion 
The effect of different wavelengths on the fundus has been 
the subject of several studies [1, 2, 5-9, 11, 12] concerning 
krypton red and argon green. The investigators agree that 
krypton red, because of its lower absorption in the RPE, 
extends into the choroid and may cause hemorrhage in this 
tissue. Coagulation with krypton red may be more painful 
and, therefore, may require local anesthesia [1, 4, 8, 10]. 
Absorption of krypton red is low in hemoglobin and lends 
itself well in the case of vitreous hemorrhage, provided one 
can see the fundus. Using krypton red requires care. It 
should only be applied with barely visible effects because 
grayish white effects, as desired with argon green, would 
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be much too strong and would lead to choroidal hemor- 
rhage. It is currently still under investigation whether this 
wavelength is advantageous in routine coagulations of sub- 
retinal macular vascular proliferations or in retinal vein 
occlusion. 
The blue-green argon laser has the disadvantage that 
its light is partially absorbed by the macular xanthophyll. 
This, however, can only take place in the normal macula 
because in those cases where there is edema in the macular 
area the xanthophyll is diluted and, in view of its low con- 
centration, the amount of light absorbed is minimal. 
With the dye laser we are able to use other wavelengths 
besides krypton red and argon green. On the basis of the 
absorption curves of the optic media, xanthophyll, RPE, 
as well as oxygenated and deoxygenated hemoglobin, sever- 
al authors [2, 3, 8, 10] have demonstrated which wavelength 
would be most effective. For  penetration of vitreous hemor- 
rhage 650 nm would be ideal and for effects in the RPE 
550 nm. At between 500 and 700 nm there will be hardly 
any absoprtion in macular xanthophyll. The dye laser offers 
these wavelengths (Fig. 4). One must, however, realize that 
these calculated wavelengths are only significant if one 
works with barely visible threshold lesions. As a rule we 
need lesions far above threshold for therapeutic purposes. 
Since by far the highest absorption for all wavelengths lies 
in the RPE, above threshold lesions will lead to comparable 
reactions in the RPE, no matter which wavelength is used. 
This means that in clinical use the advantages or disadvan- 
tages of different wavelengths are neutralized. Only krypton 
red, because of its extremely long wavelength, penetrates 
the RPE more readily. Whether this is desirable is still a 
matter of dispute. 
Our histological examinations confirm the ophthalmo- 
scopic observations. We have placed comparable acute ef- 
fects into the rabbit retina using a variety of wavelengths, 
yet, in the stage of early healing one can not see any differ- 
ence. Therefore, equatorial degenerations and other non- 
vascular lesions of the retina probably can be treated suc- 
cessfully with any wavelength as clinical experience sug- 
gests. 
For  the treatment of vascular lesions and subretinal se- 
nile macular proliferations the ideal would be a wavelength 
which is maximally absorbed in hemoglobin. One of the 
absorption maxima of hemoglobin lies at 577 nm. This wa- 
velength is located at the short wavelength end of the emis- 
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sion curve of Rhodamin 6G. High energy is necessary to 
produce adequate 577 nm light for therapeutic purposes; 
however, it has the following ideal characteristics: 
1. It is not absorbed in xanthophyll. 
2. It penetrates opacities of the media with 30% less energy 
than argon blue-green because longer wavelengths are dis- 
persed less than short wavelengths. Opaque media, there- 
fore, suffer less heating. 
3. It is not located far from the absorption maximum of 
the RPE. 
4. Because of the high absorption in hemoglobin, oblitera- 
tion of small vessels requires less energy than the coagu- 
lation with argon blue-green. A slow approach to the thera- 
peutic level is recommended because larger vessels may rup- 
ture, probably as a result of the high absorption in hemo- 
globin. 
According to the theoretical considerations and the ex- 
perimental results, a laser emitting 577 nm will serve all 
purposes. We have developed a f lashbulb-pumped dye laser 
emitting 577 nm alone. It has stood the test in animal exper- 
iments, we will report on this compact instrument in the 
near future. 
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Fig. 1. Photograph of the rabbit fundus. By using neutral filters of different degrees of absorption, coagulation effects of varying 
intensity from very mild to strong with small hemorrhages were produced; these were 500 gm effects. Such lesions could be coagulated 
with all wavelengths 
Fig. 2. Cross section of the rabbit retina 48 h after laser coagulation with 560 nm (HE, x 80). The heat ball developing in the retinal 
pigment epithelium involves the rods and cones and the outer nuclear layer completely. The inner layers of the retina show disintegration, 
which is also partly caused by artifacts. The wavelengths u ed in these experiments lead to identical lesions. The histologic examiner, 
was unable to determine which wavelength was used 
Fig. 3. Cross section of the rabbit retina 3 weeks after laser coagulation (610 nm, HE, x 60). The retinal tissue is replaced by glia 
and proliferation of the retinal pigment epithelium. In the scar formation, as well, no identification of the used wavelength could 
be made 
Fig. 4. Absorption diagram of xanthophyll, retinal pigment epithelium, oxygenated and deoxygnated hemoglobin, and the emission 
spectrum of Rhodamin 6G. At the short wave end of Rhodamin 6G is 577 nm which coincides with the maximum of doxygenated 
hemoglobin and lies close to the absorption maximum of the retinal pigment epithelium and oxygenated hemoglobin; 577 nm is not 
absorbed in xanthophyll. The green and blue-green columns indicate the emission of argon lasers (courtesy of Coherent Radiation) 
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